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Skeletal  muscle  is  one  of  the  most  sur¬ 
gically  accessible  tissues  in  the  body,  yet 
histologically  adequate  muscle  biopsies  are 
not  easy  to  obtain  owing  to  the  contractile 
quality  of  this  tissue.  Both  surgical  manip¬ 
ulation  and  contact  with  the  fixing  solution 
excite  fresh  muscle  fibers  to  contract,  often 
resulting  in  a  curled,  twisted  piece  of  tissue 
from  which  it  is  hard  to  obtain  properly 
oriented  sections.  Several  instruments  have 
been  devised  with  the  object  of  overcoming 
this  difficulty  in  handling  muscle  tissue; 
however,  they  have  generally  proved  to  be 
too  cumbersome  for  careful  surgical  tech¬ 
nique,  and  some  were  quite  painful  to  the 
patient.1  The  most  satisfactory  meth¬ 
ods1-  for  handling  biopsy  material  that 
have  been  employed  to  date  involve  care¬ 
fully  placing  a  small  straight  piece  of  tissue 
on  cardboard  (sometimes  slightly  stretching 
the  specimen)  and  then  placing  it  in  a  Petri 
dish  containing  filter  paper  moistened  with 
normal  saline  solution  for  15  to  30  minutes 
prior  to  immersing  it  in  fixative.  Although 
this  procedure  has  usually  proven  to  be 
satisfactory  for  conventional  light  micro¬ 
scopic  evaluation,  it  is  a  time-consuming 
and  annoying  chore  for  the  busy  physician 
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or  technologist.  In  addition,  where  election 
microscopic  studies  are  anticipated,  this 
method  is  not  conducive  to  good  cell  pres¬ 
ervation.  In  order  to  overcome  these  handi¬ 
caps,  we  have  devised  a  new  biopsy  proce¬ 
dure  that  has  been  used  successfully  thus 
far  in  30  patients  to  obtain  well-fixed,  uni¬ 
form,  interpretable  tissue  sections  for  either 
electron  microscopic  or  light  microscopic 
evaluation. 

BIOPSY 

The  biopsy  procedure  is  primarily  de¬ 
pendent  on  the  use  of  a  new  surgical 
clampf  that  we  have  devised  (Fig.  11.  This 
clamp  is  in  essence  a  modified  forceps  with 
a  handle  made  of  the  usual  surgical  spring 
steel,  and  a  two-pronged  fork  tip  of  a 
firmer,  highly  corrosion-resistant  stainless 
steel  that  is  not  chemically  affected  by  the 
fixative  osmium  tetroxide.  It  has  a  setscrew 
at  the  midpoint  of  the  handle  which  makes 
it  possible  to  permanently  retain  the  speci¬ 
men  and  prevent  it  from  retracting  once  it 
has  lx'en  clamped  and  dissected  free. 

It  is  also  surgically  advantageous  to 
fashion  a  thin  double-edged  razor  blade 
into  a  scalpel  blade  by  breaking  it  in  two 
and  rebreaking  each  half  at  a  45°  angle. 
Mainly  becuuse  of  its  flexibility  coupled 
with  its  sharpness,  the  resultant  blade  when 
grasped  with  a  small  hemostat  makes  a 
more  satisfactory  tool  for  sharp  delicate 
dissection  than  most  standard  surgical 
scalpel  blades.  It  must  be  borne  in  mind, 
however,  that  all  razor  blades  have  a  thin 
coating  of  grease  that  may  interfere  with 
the  effectiveness  of  the  fixative;  therefore, 
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Fks.  1.  Muscle  biopsy  dump  The  IkmIv  of  tin*  dump  is  made  of  tin*  usual  surgical  spring 
sled.  The  two-pronged  fork  tip  is  made  of  a  firmer,  highly  corrosion-resistant  stainless  steel 
that  will  resist  the  chemical  effects  of  the  fixative  OsO,  .  Claim's  with  widths  of  05  to  2.0  cm. 
I >e tween  the  fork  tips  have  lieen  used. 

Flo.  2.  Human  i,iimlrieeps  fcinoris.  Cross-Action.  Fixed  in  6.5  |mt  cent  gluturnldchydc  so¬ 
lution  diluted  Milh  Millonig’s  buffer  *  Light  micrograph.  Hematoxylin  and  eosin  (H&K); 
X180. 

Flo.  3.  Homan  tpiadriceps  femoris.  Longitudinal  section.  Claimed  and  then  fixed  in  10 
I  ter  cent  neutral  formalin  solution,  Kven  the  Z-line  can  In'  readily  delineated  in  this  mutincly 
fixed  and  stained  surgical  biopsy.  Light  micrograph.  HAK:  * 480 


prior  to  sterilization  the  razor  hlatles  should 
lie  briefly  rinsed  in  acetone  to  remove  this 
packing  lubricant.  Sterilization  shoultl  In* 
by  soaking  in  a  germicide  solution  rather 


than  autoclaving,  since  timt  dulls  the  fine 
sharpness  of  the  blade. 

In  taking  biopsy  s|>ecimens  from  young 
children,  it  is  often  desirable  to  use  a  gen- 


PRICE  IT  AL 


Laboratory  ktvastigatfon 


oral  anesthetic  or  regional  block;  however, 
for  most  biopsies  from  older  children  and 
adults,  a  locally  infiltrated  anesthetic  is 
satisfactory,  providing  the  patient  has  Iteen 
premedicated.  The  surf-  >;  mest  Ik'  cau¬ 
tioned  not  to  -nject  the  local  anesthetic 
agent  into  the  muscle  specimen  to  Ik1 
biopsied.  On  exposing  the  Itody  of  the  mus¬ 
cle  to  Ih’  biopsied,  the  overlying  fascia  is 
carefully  dissected  free  from  the  underlying 
muscle.  A  narrow  strip  of  muscle  fasciculi 
is  developed  by  making  two  parallel  inci¬ 
sions  in  line  with  the  muscle  fillers.  A  third 
incision  inferiorly  leaves  this  slip  of  muscle 
attached  only  at  its  ends.  The  loosened 
fascicular  strip  is  then  grasjied  with  the 
fork  tips  of  the  clamp  and  the  screw  of  the 
clamp  is  promptly  tightened,  holding  the 
muscle  fillers  at  their  original  length.  The 
clumfied  muscle  segment  is  freed  from  the 
liody  of  the  muscle  by  sectioning  along  the 
outer  margin  of  each  fork  tip  of  the  clamp.* 
(’are  is  taken  to  avoid  any  unnecessary 
manipulations  of  the  biopsy  s|>ecitnen.  The 
clamp  tip  with  the  secured  specimen  is  then 
immediately  immersed  and  gently  agitated 
in  a  container  of  fixative  to  flush  away  any 
excess  serum  or  blood,  and  then  placed  in 
the  final  fixative  solution.  The  most  desira¬ 
ble  s|K‘cimens  for  light  microscopy  are 
found  to  Ik*  1.5  to  2  cm.  long,  1  cm.  wide, 
and  0.5  to  0.8  cm.  thick;  for  electron  mi¬ 
croscopy,  1.0  to  1.5  by  0.5  by  0.5  cm. 

FIXATION  AND  STAINING 

Electron  Microscopy 

Both  2  per  cent  osm-m  tetroxido  and 
2  to  6.5  per  cent  glutaraldehvde  solutions 
diluted  with  Millonig’s  buffer*  have  been 
list'd  as  fixatives.  The  tissue  is  left  in  the 
fixative  with  the  clamp  still  applied  for 
approximately  15  minutes.  Small  blocks 
(2  bv  0.8  by  0.8  mm. I  of  tissue  an*  then  cut 

•OeensionnUy  a  has  Uen  found  convenient  to 
vary  the  hio|wy  teclini<|ue  as  follows.  After  the 
two  |tnrallel  incisions  have  lieen  made,  the  clamp 
can  lie  applied  vertically  from  nltovc  and  tight- 
ened  on  the  muscle  strip.  One  end  of  the  strip  is 
then  etit  <K|  I  sale  the  clamp,  which  is  then  used  as 
a  gentle  lever  to  elevate  and  cX|Hier  the  under 
surface  of  the  strip  for  diiwectioii  from  the  ursler- 
lying  muscle  nnu*.  Finally  the  distal  end  of  the 
strip  is  divid'd  and  the  biopsy  sf>erimrn  removed. 


from  mnrginx  of  the  large  biopsy  s|iecimeti, 
taking  care  to  orient  the  muscle  fibers  anti 
myofibrils  parallel  to  the  long  axis  of  each 
block.  Thes*  pieces  of  tissue  are  kept  moist 
with  the  fixative  during  the  trimming  proc¬ 
ess  and  afterwards  they  re  placed  back 
into  the  original  container  of  fixative  until 
fixation  time  is  complete.  Fixation  time  for 
Os()4  has  lieen  45  minutes  at  room  tempera¬ 
ture,  and  for  glutaraldehyde,  4  hours  at 
4°  C.  After  appropriate  washing  in  Millo¬ 
nig’s  buffer,"  the  tissue  fixed  in  glutaralde¬ 
hyde  is  |>ostfixed  with  buffered  ()s()4  .,a  The 
tissue  samples  are  then  dehydrated  and 
emliedded  in  one  of  the  cjioxy  resins,  usu¬ 
ally  Aralditc.*  Some  of  the  tissue  blocks 
are  stained  with  1  per  cent  phosphotungstic 
acid*  prior  to  embedding  (Fig.  4).  Tissue 
sections  on  the  grids  are  stained  with 
uranyl  acetate14  (Figs.  7  and  8 1  or  lead 
(  irate,11  or  both  (Figs.  5  and  6l. 

The  irritant  effect  of  the  fixative,  es|>c- 
cially  Os<)4  on  excitable  muscle  tissue  usu¬ 
ally  causes  some  pulling  against  the  rigidly 
fixed  clamp  margins.  S|x*cimens  obtained 
from  these  regions  may  have  slightly  over¬ 
stretched  sarcomeres.  Markedly  contracted 
sarcomeres  are  rare.  Usually  the  most  satis¬ 
factory  Os()4  material  is  that  obtained  from 
the  middle  third  of  the  biopsy  s|ieciinen. 

As  compared  to  <  >s(  )4 ,  glutaraldehyde 
seems  to  Ik*  less  of  an  irritant  to  freshly 
excised  muscle  as  well  as  a  better  fixative 
for  the  contractile  filamentous  organelles 
( actin  and  myosin  I  ( Figs.  6  to  8 1 .  The  band 
pattern  of  the  myofibrils  is  more  clearly 
defined,  and  actin  and  myosin  filaments  an* 
found  to  have  a  larger  diameter  than  Os04 
fixation  alone  has  indicated.  Connecting 
bridges  In'tween  the  thick  myosin  filaments 
in  the  M  zone,  which  have  only  lieen  vaguely 
demonstrated  in  heart1*  and  skeletal*  mus¬ 
cle  fixed  with  ( ).*K )4  an*  more  n*adilv  de¬ 
lineated  in  the  glutaraldehyde  prepara- 
tions.t  In  some  cross-sections,  the  myosin 
filaments  even  exhibit  a  hollow  center  (Fig. 
7>.  Recent  studies  of  fish*  and  rabbit* 
skeletal  muscle  fixed  with  glutaraldehyde 
concur  with  tliese  observations  of  the  myo¬ 
filaments.  In  addition,  the  diameters  of 

t  Tlirsr  stritcliin*  hit  ilistmrl  from  the  enw 
lindjtr*  Is'iwien  thick  ami  thin  filaments  m>  first 
ilexenlitsl  by  Huxley'  in  'hi-  moon*  of  the  A4«an<l 
where  the  thick  *n<l  thin  filaments  interrlijplale. 
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Fin.  4.  Human  i|Ua<lri<-e|w*  frmorix.  Longitudinal  nitioo  tnft  .legmen  t«  of  *rvrrctl 
m.vofil>ril*.  Tlir  eoni|>onent*  of  each  summinr  arc  readily  Kl<'ni ifbtl»l«*.  Noli*  their  uniformity 
in  length.  For  detail*  of  tin-  normal  uliraxtrurture  of  akelelal  muxele  the  reader  in  referred 
to  arvrral  review  artirle*/'  *  “  Fixed  in  2  |>er  rent  solution  of  (W).  diluted  with  Millonig'* 
buffer*  Timu  block*  were  immersed  in  1  |¥'r  cent  |>ho»)4>otung*tir  arid  solution  of  alwolute 
alcohol  lieforr  emliedding  in  Araldite  *  No  other  staining  *n«  done.  F.ki  inm  mi<  tograpli. 
x  19.000. 

Flu.  5.  Human  <|ttadrire|i«  femon*.  Longitudinal  <*-ction  allowing  tttlmlar  corn|«>ncnt*  of 
t lie  sarro|iln*mir  relirulum.  Tissue  fixiM  and  rmhnlilnl  a*  in  Figure  4:  Vnweter,  the  tiiwiie 
aeeiion  was  stained  with  uranyl  areinte"  and  lead  ritratr"  in  on  ter  to  make  it  canter  to 
identify  the  memhrano-  defining  the  sarcoplasmic  relirulum  and  miiorltondria.  T.  Spmalurd 
region  of  the  narcoplasmir  relirulum  referred  to  a*  the  "triad.’’  Flection  mirrogra|>h.  •  32.000 


negatively  Mained  isolated  thick  filament* 
which  have  not  liccn  fixer!  with  0*0,  have 
Urn  fount!  to  lie  larger  than  material  fixed 
in  1W)4  .• 

Tin*  morphologic  charactcriMic*  of  glyco¬ 
gen  a  I i*o  a|>pear  to  lx*  changer!  by  glutaral- 
tlchyde  fixation.  In  tissue  fixed  only  with 


(hd  )4  the  glycogen  granule*  art*  not  as 
readily  Mainer!  with  uranyl  acetate  a*  with 
lend  solution*.  In  tin-  glutantldehyde  prep¬ 
aration*.  Iiowever.  uranyl  acetate  alone 
very  effectively  Main*  the  glycogen  gran¬ 
ule*  and.  in  addition.  the*e  granule*  have  a 
■dightly  larger  average  diameter. 
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Fn.\  6.  Human  i|Uadricc|>*  fortiori*.  Longitudinal  soot  ion  rot  rating  tiio  numerous  glvrogrn 
par'i'drs  which  ulsxind  predominantly  in  lltr  intcrmyofihillur  spine*.  The  mitochondria  are 
typically  <'i*|iosrd  in  pair*  op|m*ite  thr  I -band*.  Fixation  in  65  i>er  lent  glmurnldrhydr  solu- 
don  ..limi  t  with  MiDonig*  liuffer*  and  jmstfixcd  in  2  |>rr  rent  0*0.  prr|>arrd  with  thr  snnir 
hutf.r  Tirwu.-  hl.sk*  wrrr  *t aims!  witli  phosphotungslir  nritl  ( l*TA  1  (as  in  Fig.  4)  and  tissue 
sr-fvn  was  stainrtl  as  in  Figure  5.  Thr  myofilament*  and  glyoogrn  partirlrs  arr  la'ttrr  prr- 
,  ved  than  in  OsO.  Hxrd  material.  Khetron  mirrogaph.  •  22.000 

Fit;.  7.  Human  <|iiadri(e|<s  frntoris.  Cruss-scrtion  thniugli  the  A-lmnd  of  a  myohhril  dr* 
pirting  thr  iniridigitaimg  thick  and  thin  hlnmrnts  wtiirli  make  up  this  region  of  a  mvofiliril. 
Karh  thick  filament  is  surrounded  h.v  six  'hiu  filaments.  An  occasional  myosin  filament  is 
seen  which  has  a  prominent  hollow  center  (nrrutr).  Tissue  fixrtl  as  in  Figure  6.  Tissue  hit  irks 
were  stained  with  IT  A.  anti  tissur  section  was  stained  with  ttranyl  acetati .  Kiwi  nut  micro¬ 
graph.  >  130X100. 

Flu.  8.  Human  t|uadrirr|>s  femons.  (Vo*—  sta  tion  through  M-hnr  region  of  H-ione  of  a 
relaxed  sarcomere.  Xo  thin  (act  in  I  filaments  are  present  in  this  region:  only  thick  (myosin) 
filaments  arc  present,  an.i  liesr  have  a  slightly  ineo-asisl  diameter  in  this  gone  of  the  sarco¬ 
mere.  They  are  interconnected  l»v  tliscrele  crow*  bridges  which  are  more  readily  delineated 
following  fixation  with  glntaraldehytle.  Twaie  stain'd  as  in  Figure  7.  Kleeinm  micrograph 
xlOOjOOO. 


J.K.irr  M  iraosropv 

Sjteeimens  may  lie  fixed  in  either  glu- 
taraldehvde  or  neutral  formalin  solutions 
tFigs.  2  and  3».  With  them-  larger  pieee*  of 


tissue  the  clamp  is  left  on  for  it  longer  time 
(nltout  45  minutes).  The  tissue  is  then  rut 
from  tlie  clamp  anti  readily  sectioned  into 
projier  longitudinal  ami  rross-seetions. 
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Hematoxylin  and  oosin  or  special  stains  are 
employed  after  the  usual  methods  of 
paraffin  emliedding. 

COMMENTS 

The  size  of  the  clamp  allows  one  operator 
to  easily  manipulate  it.  The  delicate  nature 
of  the  procedure  is  implied  by  the  simple 
design  of  the  clamp,  the  need  for  clean, 
sharp  dissection,  and  the  inherent  irritabil¬ 
ity  of  viable  muscle  fibers.  Sharp  dissection 
is  best  attained  if  the  surgeon  uses  the 
double-edged  razor  blade,  as  suggested 
aliove.  The  design  of  the  instrument  prac¬ 
tically  precludes  securing  a  poorly  oriented 
specimen  since  it  can  only  Ik*  successfully 
applied  to  carefully  exposed  longitudinally 
oriented  muscle  fasciculi;  therefore,  it  is 
quite  simple  for  the  pathologist  to  cut  well- 
oriented  longitudinal  and  cross-sections  and 
also  avoid  the  crushed  edges  of  the  speci¬ 
men.  During  the  entire  initial  steps  the 
muscle  is  kept  under  reasonable  natural 
tension  so  that  artifacts  secondary  to 
marked  contracture  or  overstretching  are 
avoided.  In  conclusion,  a  more  uniformly 
satisfactory  muscle  biopsy  sj>ecimen  can  lie 
obtained  for  both  light  and  electron  micro¬ 
scopic  examination  by  the  techniques  as 
outlined  in  this  brief  report.  It  is  reasonable 
to  suggest  that  such  a  technique  should  lie- 
come  standard  procedu.  .■  in  order  to  avoid 
the  handling  artifacts  that  otherwise  in¬ 
variably  occur  in  viable  muscle  and  which 
have  made  precise  histologic  interpretation 
of  muscle  biopsy  material  extremely  diffi¬ 
cult. 

REFERENCES 

I.  Adams.  H.  I).,  Denny-Brown,  I).,  and  Pearson, 
C.  M.  Disease*  of  Muscle,  Ed.  2.  New  York, 
Han*'*'  Brother*,  1962. 


2.  Bennett,  H.  S.  The  si  met  ure  of  striated  mus- 
rle.  In  The  Structure  and  Function  of  M uncle, 
edited  by  Bourne,  G.  H.,  Vol.  1,  Ch.  6.  New 
York,  Aeademie  Press,  Jne.,  I960. 

3.  Fhaszini-Abmsthono,  C.,  and  Porter,  K.  R. 
Sareolemmal  invaginations  constituting  the  T- 
system  in  fish  muscle  fitters.  J.  Cell  Hiol.  22: 
675. 1964. 

4.  Hcxlky,  H.  E.  The  double  array  of  filaments 
in  cross  striated  muscle.  /.  Hiophy*.  Hiochem. 
Cytol.  J:  631,  1957. 

5.  Hixley,  H.  K.  Muscle  cells  In  The  Cell, 
edited  bv  Brachet,  J..  and  Mirskv,  A.  F.,  Vol. 
4,  Ch.  7.  New  York,  Academic  Press,  Inc., 

1960. 

6.  Hixley,  H.  K.  Electron  microscope  studies  on 
the  structure  of  natural  and  synthetic  protein 
filaments  from  striated  muscle.  J.  Moire.  Hiol. 
?:28I,  1963. 

7.  Hixley,  H.  K.  Cnpublishtd  observations. 

8.  Li  ft,  J.  H.  Improvements  in  epoxv  resin  rm- 
txdding  methods.  J.  Biophys.  Hiochem.  Cytol. 
!>:  409, 1961. 

9.  Mn.Lo.vui,  G.  Advantages  of  a  phosphate 
buffer  for  OsOi  solutions  in  fixation.  J.  Appl. 
Physic*  .)>:  1637. 1961. 

10.  Price,  H.  M.  The  skeletal  muscle  filler  in  the 
light  of  electron  microscope  studies;  a  review. 
Amer.  J.  Med.  it:  589,  1963. 

11.  Reynolds,  E.  S.  'Hie  use  of  lead  citrate  at 
high  pH  as  an  elretron-opai|iir  stain  in  elec¬ 
tron  microscopy.  J.  Cell  Hiol.  17  :  208,  1963. 

12.  S ABATIN'!,  D.  I).,  BeNSCH,  K.,  AND  BaRRNETT, 
R.  J.  Cytochemistry  and  electron  microscopy. 
The  preservation  of  cellular  ultrastmcturr 
and  cniymatic  activity  hv  aldehyde  fixation. 
J.  Cell  Hiol.  17:  19. 1963 

13.  Stknoer,  R.  J..  and  Snao.  D.  Structure  of  the 
cardiac  muscle  cell.  Amer.  J.  Med.  JO:  653. 

1961. 

14.  Watson.  M.  L.  Staining  of  tu**ue  section*  for 
electron  microscopy  with  heavy  metals.  J. 
Hiophy*.  Hiochem.  Cytol.  i:  475.  727,  1958. 

15.  Woolf.  A.  L.  Musrle  biojisy.  In  Mmlem 
Trends  in  Xt  undogy.  rditid  by  Williams,  I). 
Ch.  2.  Washington,  Buttcnrorths,  1962. 


